INTRODUCTION
Drilling at each of the five sites in the central Caribbean terminated in basalt or dolerite ranging in age from Coniacian (Sites 146 and 153) to early Campanian (Site 152). The distribution of these occurrences suggests a large basaltic province, and a tentative correlation with Reflector B" suggests that these rocks occur over almost the entire Venezuelan Basin, as well as much of the northern Colombian Basin. Further considerations of late Cretaceous igneous occurrences all around the Caribbean suggest that the event which produced these magmas lasted about 10 million years, with more acid differentiates lasting perhaps another 10 million'years at most. Also, igneous events in various Antillean islands and in South and Central America which had been considered peculiar to these areas and the result of local tectonic-magmatic activity are now seen to be interrelated and probably relatively independent of local tectonic events. Finally, the occurrence of these rocks, including the rocks from around the Caribbean and their presumed acid differentiates, may complicate the currently widely accepted views on the dichotomy of island arc and central ocean magmatism.
OCCURRENCE OF THE CENTRAL CARIBBEAN
BASALTS AND DOLERITES Figure 1 shows a schematic representation of the occurrence of basalts and dolerites at the five sites. At Site 146, two dolerite sills were encountered beneath a short Santonian section of mixed lithologies, dominantly limestones with intercalated radiolarian turbidites (sands), basaltic ash beds, and beds rich in reduced organic matter. Barite and fish debris are relatively conspicuous in smear slides and thin sections, and gypsum was found one one sample. Conspicuously graded basaltic ash beds with scattered fresh plagioclase and augite crystals, palagonite grains largely altered to mica, and occasional fragments of fine-grained porphyritic basalt, are interbedded with green micaceous clays two core barrels above the dolerite itself. These ash beds may be the result of the actual eruptions on the sea floor of the same magma which intruded lime oozes twenty meters below.
The upper dolerite sill has a lower chilled margin against a short section of Coniacian marbles which are recrystallized by the heat of the intrusion. These marbles are dominantly calcite and very well crystallized montmorillonite, with minor plagioclase and diopside and sparse fish debris.
The lower dolerite sill was penetrated in three cores. Even with a fresh roller bit (the result of re-entry into the hole a short distance above the dolerite) only 16 meters of penetration into the lower sill was possible.
At Site 150, basaltic ash was identified in a short core of Santonian limestones. Two cores lower, beneath Coniacian sediment, a dolerite was encountered. The age of the eruption, dated by the basaltic ash, is probably Santonian.
At Site 151, intense drilling disturbance made interpretation of the Cretaceous section above the basalt difficult. The disturbed Santonian beds possibly contained basaltic ash, but the determination is not positive.
At Site 152, basalt was found beneath a section of Campanian limestones which contained one basaltic ash bed. The basalt contained marble inclusions, one of which yielded well-preserved but highly recrystallized early Campanian foraminifera.
At Site 153, mixed lithologies, reminiscent of those at Site 146 and containing basaltic ash beds, were found in the three cores (Santonian and Coniacian) above the basalt. These beds were dominantly limestone, with conspicuous glauconite and pyrite, and dark beds rich in fish debris.
In addition to recognizable basaltic ash, the sediments above the basalts contained conspicuous barite and fish debris at Sites 146 and 153; gypsum at Sites 146 and 152 (though not immediately above the basalt); abundant greenish mica at each locality; authigenic K-feldspar at Sites 146, 150, 152, and 153; and chert micronodules at Site 146 conspicuously at all sites except Site 150 (conspicuously at Site 146 as intrabasinal turbidite beds). No ferruginous deposits were found at any of the sites.
The presence of dolerites at two localities and the absence of pillows suggests that the basaltic magmas are at least partly intrusive. The occurrence of repeated basaltic ash beds above the flows or sills is especially interesting because it implies eruption of basaltic materials over a considerable time span.
The ages inferred for the basalts (which are based on ash beds) at Sites 146, 150, 152, and 153; sediments overlying basalt at Site 151 (minimum age only); and included blocks of dateable marble in dolerite at Site 146 and in basalt at Site 152 reveal no geographic pattern alone or in relation to the pattern of linear magnetic anomalies found in the Venezuelan Basin (Donnelly, magnetic anomaly studies in the eastern Caribbean, this volume). Thus, no analogy to midocean ridge vulcanism is apparent. Rather, the age pattern suggests a nearly simultaneous series of eruptions over a considerable area of the eastern and central Caribbean Sea. Sites 146, 150, 151, 152, and 153, showing lithologies and amount of recovered material.
DESCRIPTION
In hand specimen, the dolerites are fine-to mediumgrained, equigranular, dark gray, and apparently fresh. They are homogeneous, without inclusions, amygdules, or aggregates of crystals. They are sparsely veined with calcite. The basalts are more variable in appearance but show paler colors suggestive of slight alteration at Sites 151 and 152. They are also more fractured and veined (with calcite and with greenish mica) and, at Sites 151 and 152, show conspicuous amygdules filled with very fine grained greenish mica. In no case can pillowing be recognized. The basalts of Site 152 contain conspicuous pink to white marble inclusions.
MINERALOGY

Method
A microprobe survey for Fe, Ca, Ti, Al, and Mg in pyroxenes, plagioclase, and secondary minerals was done on samples 146-41R-2(2-5), 146-43R-2Q21-125), 151-13(CC), 152-23-1(107-121), and 153-20-2(80-84) . The results of this survey are in Table 1 and some of the pyroxene data are plotted on a Fe-Mg-Ca diagram (Figures 3-6 ), a Tiθ2 versus AI2O3 diagram (Figure 7) , and histogram of anorthite contents (Figure 2 ). For simplicity, the above samples are referred to as Samples 1, 2, 3, 4, and 5, respectively, in the following discussion.
Plagioclase
The plagioclase phenocrysts and microlites are not of unusual compositions (Figure 2 ) except in Sample 2 where some of the large plagioclase phenocrysts have cores to g Maximum An values are 72 in Sample 1, 73 in Sample 5 and 90, which is high for a basalt in Sample 3. This calcic plagioclase and the rare endiopside grains in the dolerite from Sample 2 indicate that (1) the original magma had a higher Mg/Fe ratio and higher normative anorthite/ albite ratio than the other samples or (2) these crystals are xenocrysts, possibly parts of deep-seated cumulates. The latter is improbable on textural and chemical grounds.
The plagioclase phenocrysts and microlites (Figure 2 ) range in composition from calcic aridesine to calcic bytownite. Highly calcic grains were found in the Sample 2 dolerite and the Sample 3 basalt.
Pyroxenes
Early crystallizing pyroxenes are augite, close to Fsi3Wθ4oEn47, in Samples 1, 3, 4, and 5, while pyroxenes in ophitic intergrowth with plagioclase in Sample 2 are somewhat more magnesian, one falling just in the endiopside field.
In Sample 1, the coarsest grained sample, the pyroxenes show the most extreme fractionation; interstitial pyroxene and pyroxene margins range into the ferroaugite field with compositions to Fs46Wθ39Eni5 Although somewhat scattered, the compositions are, with some exceptions, close to the Skaergaard trend for calcic pyroxenes and show the same low wollastonite for intermediate Fe/Mg ratios.
The pyroxenes, with wollastonite contents up to only W041, are clearly not characteristic of alkali basalts, but are typical of tholeiites and olivine tholeiites.
Pyroxenes in Sample 1 also show a peculiar reversal in zoning which indicates that pyroxenes continued to crystallize after magnetite or other iron-rich phases began to crystallize. Some augite grains have normal cores rimmed 3  3  3  3  3  3  3  3  3  3  3  3  3  3  3  3  3  3  3  3  3  3  3  3 by progressively more iron-rich pyroxene which, on the very margin, grades again into more magnesian pyroxene. These outermost pyroxene rims, however, are lower in woUastonite content than the earlier crystallizing magnesian augite and correspond to the points that fall near the field of subcalcic augite in Figure 3 . This peculiar phenomena is worthy of more detailed examination.
Pigeonite, sometimes found as groundmass granules in some nearly holocrystalline "oceanic tholeiites," was not found in these samples.
Oxides
Very little information can be gleaned from the few, quantitatively inadequate, analyses run. The data would seem to indicate, though, that titanomagnetite is the principal primary opaque phase.
"Saponite"
A secondary, orange to brownish orange mica-like mineral is abundant interstially in Samples 1, 2, and 5. This is very similar to Na-rich saponites which are common in deep-sea basalts (Melson and Banks, 1968; Banks, 1971 ), and appears to form mainly deuterically. However, those in Table 1 are much more Fe-rich, and Mg-poor than those described in the above references which, for two analysed samples, give Fe=7.4 and 8.5, and Mg=12.7 and 11.0, respectively. In these two described saponites, ferric iron is much more abundant than ferrious iron, with Fe2θ3/FeO ratios of 3.1 and 14.5, respectively. It is probably safe to speculate that Fβ2θ3 is very abundant in these Leg 15 "saponites", and they are thus important sources of much of the ferric iron reported in the bulk analyses.
Other Minerals
Olivine, divine pseudomorphs, pigeonite, and orthopyroxene were looked for but not found in any samples. A very fine-grained, fibrous or lath-shaped mineral, evidently a mica, was noted in amygdule and some vein fillings in samples from Sites 151 and 152. This mineral varied from very pale brown to vivid green in thin section and showed moderate birefringence. Secondary calcite is very rare in all of these rocks.
Texture
The doleritic samples (Plates 1 and 2) are fine-to medium-grained, equigranular, subophitic to ophitic intergrowths of plagioclase and augite with squarish crystals of oxides and interstitial clear (Site 146 upper sill) to nearly opaque (Site 146 lower sill) or birefringent, micaceous (?), and brownish (Site 150) "saponite". The "saponite" differences evidently represent slightly different alteration products of interstitial glass. This material commonly shows crude concentric color banding and contains scattered, very fine grained opaques.
In the upper sill of Site 146, the shallowest sample studied (146-41R-2, 50-54) in thin section is also the coarsest (Plate 1, Figures 6, 7) and, apparently, the freshest. The chilled lower contact of the same sill (Plate 1, Figure 8) consists of augite phenocrysts in a groundmass of intergrown subradial plagioclase laths and plumose pyroxene with abundant interstitial "saponite". Figure 5 ) is especially interesting in showing an ophitic aggregate of augite and plagioclase. A further development of this texture would presumably lead to the generally more coarse grained texture of the lower sample from Site 153 (Plate 3, Figure 3 ) or the texture of the dolerites.
The upper basalt of Site 153 (Plate 3, Figures 1 and 2 ) is fine-grained with subradial plagioclase laths intergrown with plumose pyroxene and with interstitial oxide grains and interstitial glass or "saponite." There are a few larger augite phenocrysts. The lower sample (Plate 3, Figure 3 ) is distinctly coarser and grades from a subophitic doleritic texture to a more granular, coarse basaltic texture. Some of the pyroxene grains have a noticeably wavy extinction and appear to be physically deformed. Glomeroporphyritic aggregates of plagioclase and augite are present.
Samples of a basalt (CURDRY) and dole rite (CURDIA) were collected during the ship's stop for repairs at Curacao. The basalt (Plate 3, Figure 6 ), a pillow basalt in the field, is finer grained than the deep-sea basalts, contains fresh augite phenocrysts and plagioclase phenocrysts which are saussuritized, and has the vitric groundmass replaced by feathery prehnite (?). The dolerite is very similar to the upper sill at Site 146, differing principally in a slightly more weathered appearance.
The distinction between basalts and dolerites is not very clear. The dolerites are uniformly more coarse grained, homogeneous, and lack amygdules and glomeroporphyritic aggregates. Basalts are finer grained, have more ragged and skeletal plagioclase, and commonly have both amygdules (Sites 151 and 152) and glomeroporphyritic aggregates (Sites 151, 152, and 153). However, the lower sample of Site 153 might by itself be called a dolerite, though it appears to underlie a fine-grained basalt. Failure to recover all of the core between the two samples presents the possibility that the lower sample could be a later intrusive, though the chemical compositions and mineralogy of the two samples are very similar. somewhat lower magnesium; texturally, they are both crystal cumulates whose bulk chemistry may be expected to differ somewhat from that of the original magma.
CHEMISTRY
Effect of Weathering Figure 8 shows the distribution of K2O, H2O+, and the Fβ2θ3/FeO ratio with depth for the six igneous units of the five sites. An upward increase of H2O+, and a corresponding increase in the Fβ2θ3/FeO ratio is evident in all the basalts and in the dolerite from Site 150. These values probably reflect submarine weathering. The dolerites from Site 146 do not clearly show this upward increase. Figure 9 shows H2O+ plotted against the Fβ2θ3/FeO ratio with arrows pointing towards more shallow samples. Again, the correlation between these values may be seen. However, the trend, as shown in Figure 9 , has more oxidized iron for corresponding water contents than typical Mid-Atlantic Ridge basalts. The possibility that these basalts and dolerites might be slightly more intrinsically oxidized that typical midocean ridge basalts should be considered. Henningson and Weyl (1967) and Dengo (1972) ; and analysis 24 from Melson, Thompson, and Van Andel (1968) .
Samples from main road between Williamstad and Julianadorp, Curacao.
c Sample from Curacao Drydock, Curacao.
Samples from a deep well, Santa Cruz Mountains, Jamaica.
e Samples dredged from southernmost Aves Ridge.
Average of 8 samples from Golfito District and Nicoya Peninsula, Costa Rica. K2O range: 0.11-1.74.
Average of 33 analyses from Mid-Atlantic Ridge (Melson, Thompson, and VanAndel, 1968 
Potassium
Although K2O is commonly low in oceanic basalts (Melson, Thompson, and Von Andel's 1968 average of 33 Mid-Atlantic Ridge basalts is 0.26 per cent K2O), alkalic basalts have considerably higher values. Engel and Engel (1963) report a value of 1.00 per cent K2O from an apparently fresh basalt from the northeastern Pacific Ocean. Engel and Engel (1964) give the average value of K2O as 1.54 for alkalic basalts of the Mid-Atlantic Ridge. In a broad survey of oceanic ridge basalts, Kay, Hubbard, and Gast (1970) found only two samples out of thirty-three with K2O greater than 0.5 per cent. One of these (7F with 0.6 per cent K2O) has an enrichment of light rare-earths ( Figure 11) ; the other is a fresh glass with a "flat" rare-earth pattern, but generally high values. The average of twenty-eight Icelandic tholeiites is 0.56 per cent K2O (Heier et al., 1966) . The average of twenty-four lavas from Kilauea, Hawaii is 0.45 per cent K2O (Macdonald, 1949) , and seven Hawaiian alkali olivine basalts average 0.67 per cent K 2 O (Kuno, et al., 1957) .
The occurrence within the oceans of basalts with greater than 1 per cent K2O would seem to be limited to (a) some distinctly alkalic basalts, (b) basalts which have acquired potassium from submarine weathering, or (c) exceptional cases. Although many aspects of the mineralogy of the Site 152 basalt show the effects of weathering, the more potassic Site 151 basalt appears fresher. Both rocks have high values of Th. The pyroxenes of Site 152 are moderately enriched in Ti and Al (Figure 7) , and the rock could be called mildly alkalic. We conclude that the high potassium content of these two sites is probably intrinsic and reflects either the magma source or effect of passage through continental crustal material enriched in potassium. In this regard, it is interesting to note that the Jamaican dolerite and the Aves Ridge dolerites also have higher potassium.
Thorium
The Th values from these samples fall into three groups: low (Sites 146, 150, CURDIA), high (Sites 151, 152, CURDRY, JAMDIA), and intermediate (Site 153). The low values are typical for oceanic tholeiites (Tatsumoto, Hedge, and Engel, et al., 1965, give an average Th of 0.18 ppm; Morgan and Lovering, 1965 MOHOLE basalt). The higher values are more troublesome. In summarizing Hawaiian basalt values, Tatsumoto (1966) and Heier and Rogers (1963) showed that Th is about 0.4 to 0.6 ppm in tholeiites but rises to about 1.5 ppm in alkalic basalts. Watkins, Holmes, and Hagerty (1967) find variable Th averaging 1.06 ppm in an Icelandic lava flow and Heier et al. (1966) find an average of 1.1 ppm for three Icelandic tholeiites. Continental tholeiites, however, average much higher in Th: 3.2 ppm (Antarctic); 1.8 ppm (Karroo); 2.1 ppm (Tasmania) (Compston, McDougall, and Heier, 1968 ); 1.8 ppm (Palisades Sill); 1.02 ppm (Columbia River) (Heier and Rogers, 1963) ; 2.9 ppm (Dillsburg, Pennsylvania); 3.2 ppm (Great Lake, Tasmania) (Gottfried, Greenland, and Campbell, 1968) . Thus, the higher values from the more westerly samples of Leg 15 and from Jamaica would appear to be closer to continental Th values.
Rare Earths
The rare earth (RE) and Ba content of six Leg 15 basalts is given in Table 3 and plotted in Figure 10 . The samples are very similar to olivine tholeiites dredged from axial regions of actively spreading mid-oceanic ridges. The light-RE and Ba-depleted types (Sites 146, 150, 152 and 153) contrast with the light-RE enriched sample (Site 151) and the sample having nearly chondritic RE distribution (CURDRY). All three types have been found among midocean ridge basalts (see Figure 11) , although the light-RE depleted type is most common.
Common features of the light-RE depleted Leg 15 basalts and midocean ridge basalts include the following: 1) Similar distribution patterns of the rare earths Gd-Lu with total concentrations varying by a factor of two. For Figure 10) showing similarity of light rare earth depleted type (Site 150) and a mid-ocean ridge basalt (sample P6702-44, from Kay, etal. 1970) Kay, et al, 1970) , and a less common mid-ocean ridge basalt (sample 7F, from Kay, etal, 1970) . The rare earth pattern of CURDRY (see Figure 10 ) is almost chondritic, and is similar to midocean ridge basalt KD-11 .
some samples this similarity includes the whole RE pattern (Sites 146, 150, 153) .
2) Samples wither total RE content have higher total Fe, lower Al, and small negative Eu anomalies. Kay, Hubbard, and Gast (1970) have presented a model to explain these features in midocean ridge tholeiites. Briefly summarized, the model holds that the light-RE depletion is inherited from a previously depleted peridotite source region. A large percentage of melting (20-30%) accompanying diapiric uprise of mantle to shallow depths leaves a mantle residue of olivine and orthopyroxene, which have low RE content: most of the RE go into the melt. Low-pressure fractional crystallization of minerals low in the RE (olivine and plagioclase) enriches the rest magma in total RE. Plagioclase takes excess amounts of Eu, resulting in a small negative Eu anomaly in the rest magmas.
The mechanism for derivation of the upper Cretaceous Caribbean basalts may have been similar, yet may not have been localized about a single spreading axis. Rather the diapirs may have penetrated a large region behind the arc. Hawkins and Hishimori (1971) report similar recent basalts from between the Tonga and Lau ridges. The Puerto Rican amphibolite TD63-64 (Donnelly, et al., 1971 ) may be a metamorphic equivalent of the light-RE depleted Leg 15 basalts; a similar amphibolite has been dredged from the Mid-Atlantic Ridge (Kay, Hubbard, and Gast, 1970) . Some island arc tholeiites have depleted light-RE, however, as well as the Ba enrichment found in this sample (Philpotts, Martin, and Schnetzler, 1971) .
Whereas the chondritic RE distribution pattern in CURDRY may have been retained from a pocket of mantle not previously depleted in light-RE, the pattern in the Site 151 sample, which is similar to continental flood basalts (see Figure 11) , shows a steady enrichment in light-RE and lack of an Eu anomaly. Thus, fractionation of the RE occurred in a region not containing plagioclase, presumably the mantle. Fractionation of heavy and light-RE by the calcic minerals clinopyroxene and garnet results in the general features of the distribution (Kay, 1970; Philpotts, Martin, and Schnetzler, 1971 ). Melting must not have progressed enough to destroy the Ca-bearing minerals in the mantle source region of this basalt.
Summary of Chemical Characteristics
The easternmost Leg 15 samples are typical of midocean tholeiites. The Beata Ridge basalt (Site 151) has the higher potassium and thorium, and the light-RE enriched character of several continental tholeiites, but such character is also known from oceanic situations. The Site 152 basalt is more problematical; it is somewhat weathered, but has higher Th content than a typically oceanic basalt. In general, it is closer to the Site 151 basalt (and to the Jamaican dolerite) than to the more easterly samples. Although the chemical characteristics of these mafic igneous rocks could conceivably be explained by differentiation of an originally homogenous magma, the occurrence of the high-K, high-Th samples in the topographically higher areas (Beata Ridge, flank of Nicaraguan Rise, Jamaica) suggests more strongly the presence of continental crust in these places. Figure 12 shows a map locating the five Leg 15 basalt-dolerite sites; the Curacao, Aves Ridge, and Jamaican samples analyzed; occurrences of basaltic and related lavas in Costa Rica, Panama, Venezuela, and Puerto Rico (including, partly for the sake of argument, the potassic Lapa lavas of central Puerto Rico and the Siquesique ophiolites near Barquisimeto, Venezuela); and acid intrusives of comparable ages. Figure 13 is a histogram of radiometric age dates from the Greater Antilles and from northeastern South America, as well as the age ranges of the Leg 15 basalt and of the subalkalic volcanic debris (Donnelly, this volume) in the Leg 15 cores. The coincidence of late Cretaceous ages for all areas is noteworthy, although igneous activity (acid plutons) continued in the Greater Antilles into the Eocene.
CIRCUM-CARIBBEAN IGNEOUS ACTIVITY OF THE LATE CRETACEOUS
The distribution of roughly coeval igneous events shown in Figure 12 and the possible identification as dolerite or basalt of Reflector B", which occurs in the northern part of the Colombian Basin (Edgar, Ewing, and Hennion, 1971) , suggest that the total area of igneous activity might encompass virtually all of the Caribbean west of the Aves Ridge, with the possible exception of the southern Colombian Basin where thick turbidites prevent the identification of Reflectors A" and B". In any case, the igneous event responsible for these occurrences would appear to be very widespread and to be manifested in areas of varying tectonic style. The great distance behind the island arcs of these central Caribbean basalts (as well as the very low potassium of three of them) would seem to make any connection between their generation and island arc tectonics (subduction and melting along the Benioff Zone) wholly improbable. Rather it appears that the igneous event was independent of local tectonic styles and represents a more regional thermal or thermal-tectonic event. The subalkalic late Cretaceous volcanic events discussed elsewhere in this volume (and represented in Leg 15 cores by the quartz-biotite-alkali feldspar association; Donnelly, this volume) might represent a more silicic differentiate of this event, which is confined to areas of continental crust. The recognition of a single eastern Caribbean igneous event of this size would make this a truly gigantic igneous province, and the inclusion of the Colombian Basin and southern Central American would make this event one of the most widespread Phanerozoic igneous events in the world. More important than the extent of the igneous activity, is the recognition that typical oceanic tholeiites can be erupted over a broad area nearly simultaneously instead of only along a line, and that island arc and deep-basin igneous activity, while producing compositionally different products, may be caused by the same thermal event.
CHARACTER OF ANOMALOUS 7.2 KM/SEC CRUST IN THE CARIBBEAN
The thick layer of about 7.2 km/sec velocity that underlies the Venezuelan Basin and possibly the Colombian Basin (Officer, et al., 1959. Edgar, Ewing, and Hennion, 1971 ) is anomalous; outside of midocean ridge areas, few oceanic regions of the world show such a thick (3 to 8 km in the central Venezuelan Basin) layer of a velocity higher than typical oceanic crust but lower than typically oceanic mantle. Officer, et al. (1959) considered that this material owed its atypical velocity distribution to alteration, and surmised, "that this alteration had occurred principally through the introduction of material from depth in the mantle." Officer, et al, implied no particular age for this alteration. Donnelly (1964) considered that this velocity was too high for crustal material and must represent mantle. He postulated that this material was hydrated upper mantle and that it predated the island arc, which would make it Jurassic or older.
The discovery of apparently ubiquitous basalts and dolerites of late Cretaceous age in the central Caribbean now would seem to lend considerable credence to the view of Officer, et al. Either there could be sufficient basaltic magma brought up from the mantle to prevade and effectively lower the velocity of the upper mantle-lower crust, or an igneous event of such magnitude might be accompanied by pervasively rising volatiles, which would hydrate this mantle. In either case, the argument that the Venezuelan Basin 7.2 km/sec layer antedated the island arcs of the eastern Caribbean has to be considered as having been seriously weakened. 
